The regional content of biochemical sub strates of energy-producing metabolism was assessed in cat brains following prolonged cerebral ischemia. Isch emia was produced by intrathoracic occlusion of the in nominate, the left subclavian, and both mammarian ar teries, and addi�onal lowering of the systolic blood pres sure to 80 mm Hg. After 60 min of global ischemia and 3 h of recirculation, the regional distribution of glucose, ATP, and NADH was evaluated on intact brain sections by bioluminescence and fluorescence techniques. Addi tionally, the content of different substrates related to en ergy and redox state was assessed in small tissue sam ples. Recirculation following global ischemia led to three different patterns of biochemical substrates: in 6 of 14 animals, regional distribution of glucose, ATP, and NADH was similar to that of control animals. These animals ex hibited recovery of evoked potentials and reappearance of low-voltage EEG activity. In five animals, ATP was No recovery (n = 3) Control 7.373 ± 0.Q28 32.3 ± 1.3 132 ± 30 39.0 ± 3.7 134 ± 5.0 39.4 ± 5.9 Recirculation 7.480 ± 0.033 30.7 ± 4.4 211 ± 23 25.8 ± 5.8 106 ± 25 11.0 ± 1.5" Measurements were carried out before and 3 h after 60 min of complete cerebrocirculatory arrest. Values are means ± SE.
The mechanisms responsible for occurrence or absence of functional recovery of the nervous system after prolonged ischemia are still poorly un derstood. It is evident that breakdown of energy producing metabolism during ischemia is not a lim iting factor for recovery of functional activity during recirculation, because a substantial restoration of energy-rich compounds has been observed after 60 min of complete ischemia of the total brain (Klei hues et aI., 1975) . Instead, other biochemical or bio physical disturbances such as changes in the cal cium activity (Harris et aI. , 1981) , increased lipo lytic activity as indicated by formation of free fatty acids (Bazan, 1970) , disturbances of protein biosyn thesis (Kleihues and Hossmann, 1971) , or formation of free radicals leading to lipid peroxidation (Flamm decreased in small circumscribed regions belonging to border zones of cerebral vessels. In these regions, glu cose was high and NADH-fluorescence was low, indi cating that glucose deficiency was not the limiting factor for ATP depletion. In this group, evoked potentials re covered, but the EEG did not. In three animals, glucose and ATP were low throughout the whole brain, and e1ec trophysiological recovery was absent. The pattern and localization of biochemical lesions and the correlation with hemodynamic and electrophysiological parameters sug gest that disturbances of energy-producing metabolism are caused by regional ischemic episodes during the re circulation period and can be prevented by the immediate and homogeneous blood reperfusion of the brain after cerebrocirculatory arrest. Key Words: ATP biolumines cence-Brain-Global ischemia-Glucose biolumines cence-NADH fluorescence. et aI., 1978) have been discussed (see also Siesj6, 1981) . However, these changes may be indirectly related to a failure of the energy-producing metab olism, and it cannot be excluded that the primary event is a delayed or inhomogeneous reoxygenation of the brain tissue after ischemia, leading to distur bances of oxidative phosphorylation at the micro circulatory level. In fact, distinct regional differ ences of blood flow and biochemical substrates have recently been noted in investigations in which small tissue blocks were taken, during the recovery pe riod after diffuse cerebral ischemia, with a special sampling device (Ginsberg et aI., 1978; Welsh et aI., 1978 Welsh et aI., , 1982 .
In past years, pictorial methods have been de veloped that allow the regional assessment of var ious substrates of energy-producing metabolism on intact brain sections (Kogure and Alonso, 1978; Paschen et aI., 1981) . With these methods, biochemical disturbances can be lo calized with a resolution which exceeds by far that of any previously available technique. Using this information as a guide, small tissue samples can be harvested subsequently for quantitative assessment of substrate concentration. In the present investi gation, this method was used for correlating func tional and biochemical recovery of the brain after 3 h of recirculation following 1 h of complete cere brocirculatory arrest. In one group of animals, an attempt was made to improve blood flow after isch emia with prostacyclin because the hemodynamic similarities between the effects of indomethacin (Pickard et aI., 1980) and postischemic hypoperfu sion (Hossmann et aI., 1973) suggested that the latter might be due to prostacyclin deficiency. As has been described elsewhere, this intervention did not influ ence significantly the hemodynamic sequelae of postischemic recovery (van den Kerckhoff et aI., 1983) . However, the results suggest that regardless of the therapeutic interference, a close correlation exists between restoration of energy metabolism and functional activity, and that homogeneity of meta bolic recovery is a mandatory prerequisite for the return of complex neurophysiological signals.
MATERIALS AND METHODS
Fourteen adult cats of both sexes, weighing 2-3.5 kg, were anesthetized with pentobarbital (Nembutal®, 30 mgl kg i.p.), immobilized with pancuronium bromide (Pan curonium®, Organo, F.R.G.), and mechanically ventilated with room air. Arterial Peo2 was kept close to 30 mm Hg by appropriate adjustment of tidal volume, and arterial P02 was maintained above 100 mm Hg by adding oxygen to the respiration air, if necessary. Te mperature was kept close to 37°C with a thermo-controlled heating pad. The electrocorticogram was recorded from the frontal cortex of the right hemisphere with silverball electrodes. At reg ular intervals, the right sensorimotor cortex was stimu lated with single rectangular constant voltage pulses (0.3 ms, 5 V), and the evoked responses were recorded from the bulbar level of the pyramidal tract with a stereotact ically inserted concentric needle electrode.
Blood flow was determined before ischemia and fol lowing 3 h of recirculation by intra-arterial I33Xe injection technique. A catheter was placed into the innominate ar tery via the right brachial artery for bolus injection of I33Xe (1 mCi dissolved in 0.2 ml Ringer's solution), and clearance of the isotope was recorded with an extra cranial collimated scintillation detector placed over the exposed calvarium. Contamination by extracerebral ra dioactivity was minimized by covering the soft tissues in the field of the detector with lead plates. Clearance curves were evaluated by 2-min slope index (Olesen et aI., 1971) .
Blood flow of the brain was completely interrupted for 1 h by intrathoracic occlusion of the innominate, the left subclavian, and both mammarian arteries. Systolic blood pressure was lowered to 80 mm Hg by intravenous infu sion of trimethaphan camphorsulfonate (Arfonad®) to prevent collateral blood supply to the brain. Complete ness of ischemia was confirmed by injecting a bolus of 133Xe into the innominate artery immediately before vas- 1983 cular occlusion. Ischemia was considered to be complete when the clearance of radioactivity over the head was < 10% during the whole length of ischemia.
Recirculation after 1 h of complete ischemia was initi ated by a sudden elevation of systolic blood pressure to > 180 mm Hg by intravenous infusion of the sympatho mimetic agent norfenefrine (Novadral®), and release of the vessel clamps at the peak of the pressure pulse. Starting at 15 min before the end of ischemia, 15 mllkg 0.3 mol Tris buffer (Stereofundin Tris®) was infused for equilibration of acid equivalents released into the blood upon recirculation. Starting at 5 min before recirculation, 10 mllkg 20% mannitol (Osmosteril®) was infused to re duce postischemic brain swelling. After the beginning of recirculation, arterial blood gases and acid-base balance of blood were assessed at intervals of 5-10 min and cor rected, when necessary, by adjusting the ventilation and by infusion of 8.4% sodium bicarbonate.
After restoration of cerebral circulation, blood pressure was maintained at 150-180 mm Hg by slow intravenous infusion of norfenefrine. Two hours after the onset of recirculation, 6 of 14 animals received an intravenous in fusion of a freshly prepared solution of prostacyclin (P0I2, 1.8 fLg/kglmin) over a period of 60 min. As has been de scribed elsewhere, this treatment did not have a signifi cant effect on hemodynamic and biochemical parameters at the end of the recirculation period (van den Kerckhoff et aI., 1983) . Results obtained in treated and untreated animals, therefore, were pooled.
After 3 h of recirculation following 1 h of ischemia, the heads of the animals were frozen in situ with liquid ni trogen, and cut into 0.5-cm coronal slices with a band saw. After removal of bone and soft tissues, 20-fLm sections of the brains were prepared in a cryostat (SLEE; Mainz, F.R.G.) at -20°C. Sections passing through the territory of the middle cerebral artery were freeze-dried at -28°C, and processed for pictorial presentation of glucose and ATP with previously described bioluminescence tech niques (Kogure and Alonso, 1978; Paschen et aI., 1981) . In short, glucose and NADP were enzymatically trans formed to glucose-6-phosphate and NADPH which, in turn, induced bioluminescence in the extract of marine luminiferous bacteria (Vibrio fischeri). The solution for glucose-induced bioluminescence was composed of hexo kinase (8.4 U/m!), glucose-6-phosphate dehydrogenase (10.5 D/ml) luciferase from Photobacterium fischeri (0.2 mglml), NAD(P)H:FMN oxidoreductase from P. fischeri
(2 U/m!) , ATP (25 mM), NADP (15 mM), FMN (0.08 mM), decylaldehyde (2.0 mM) dissolved in methanol, mercaptoethanol (0.005%), glycerin (1%), polyvinyl py rollidone (1%), gelatin (2%), and MgCI2 (2 mM) in 0.3 M phosphate buffer of pH 6.9. ATP-induced biolumines cence was evoked with an extract of firefly lanterns. En zymes and coenzymes necessary for the respective bio luminescence reactions were frozen and sliced into 60-fLm sections in a cryostat. The sections were layered on the freeze-dried brain section and thawed at room tem perature, and the resulting bioluminescence was recorded on a photographic film (glucose bioluminescence: Agfa Pan 200 ASA, exposure time, 270 s; ATP biolumines cence: Agfa Pan 100 ASA, exposure time, 30 s). The surface of the tissue blocks from which brain sec tions were taken was subsequently illuminated in the cryostat with ultraviolet light, and NADH fluorescence was recorded according to the technique of with a barrier filter at 450 fLm. Light re-flection was recorded according to . The time for preparation of 20-f.Lm sections and recording of tissue fluorescence was held to 10 min to minimize fluorescence fading at -20°C . Following the regional evaluation of substrate distri bution, regions of interest (diameter, 2-3 mm) were sep arated from the tissue block and processed quantitatively for various biochemical substrates with standard fluoro metric techniques (Lowry and Passonneau, 1972) .
Biochemical agents were either from Sigma (firefly lan terns; St. Louis, MO, U.S.A.) or Boehringer (lucif erase and NAD(P)H:FMN oxidoreductase, hexokinase, glucose-6-P-dehydrogenase, coenzymes; Mannheim, ER.G.). Other chemicals were of analytical grade.
RESULTS

Physiological observations
The general physiological and hemodynamic changes observed in the present study are described in detail elsewhere (van den Kerckhoff et al., 1983) . Three groups of animals were distinguished: in one group of six animals, evoked potentials and elec trocortical activity returned after ischemia (re covery); in another group of five animals, evoked potentials but not EEG activity returned (partial re covery); and in three animals electrophysiological recovery was absent (no recovery). As shown in Ta ble 1, general cardiocirculatory factors were not responsible for this difference. There was, however, a distinct reduction of global cerebral blood flow after ischemia (postischemic hypoperfusion), which was most pronounced in the animals without re covery.
Biochemical observations
Control animals. In sham-operated control cats, a homogeneous pattern of glucose-and ATP-in duced bioluminescence was observed ( Fig. 1a,b ). Concentration of these substrates and, in conse quence, light emission, was similar in grey and white matter, precluding any anatomical distinction be tween the two compartments in the bioluminescent picture. Such a distinction was clearly visible in the NADH fluorogram ( Fig. Ie) : in grey matter, fluo rescence was low in accordance with the low NADH content of the tissue under physiological conditions . In white matter, in con trast, distinct autofluorescence was seen, which dif fered with the equally low NADH content in this compartment . Conse quently, evaluation of redox state by NADH fluo rescence should be restricted to grey matter.
Quantitative assessment of ATP and glucose in tissue samples taken from different regions of the brain confirmed the homogeneous distribution of these substrates. There were only minor differences in ADP and AMP content and the calculated energy charge of adenylate pool. The other substrates mea sured-phosphocreatine, lactate, and pyruvate exhibited more pronounced variations, but these values were still in the physiological range.
Animals without recirculation. After 1 h of com plete ischemia, brain tissue was depleted of glucose and ATP ( Fig. 2a,b) ; glucose-and ATP-induced bioluminescence was too faint to expose the photo graphic film. The NADH fluorogram ( Fig. 2c ) re vealed bright fluorescence in grey matter, indicating interruption of oxygen supply to brain tissue.
Quantitative assessment of biochemical sub strates confirmed the bioluminescence and fluores cence pictures: phosphocreatine and ATP were un detectable throughout the brain tissue, glucose was <3% of control, and lactate was markedly in creased to 147-238 nmol/mg protein.
Postischemic recirculation. Fourteen adult ani mals were investigated, all of which were recircu lated for 3 h after 1 h of complete cerebral ischemia. Six of these were treated with prostacyclin 0.8 J.Lg/ kg/min) during the third hour of recirculation. In accordance with the physiological findings de scribed elsewhere (van den Kerckhoff et aI., 1983) , no distinct differences of metabolic recovery were noted between the two groups.
In six animals (three cats with and three without prostacyclin treatment), the regional pattern of glu cose-and ATP-induced bioluminescence was iden- (e), and substrate levels in a control cat brain.
Regional glucose distribution was assessed in a freeze-dried 20-fJ.m section, using the bioluminescence system with Vibrio fischeri. Regional ATP distribution was assessed in a freeze-dried 20-fJ.m section, using the bioluminescence system with fireflies. NADH fluorescence of the surface of the tissue block was evoked with ultraviolet light; tissue samples were taken from regions indicated in (a) and extracted for assessment of metabolite levels and energy charge. tical to that of control animals (Fig. 3a,b ). NADH fluorescence also resembled that of the control an imals, with low fluorescence in grey matter and bright unspecific fluorescence in white matter (Fig. 3c ). Quantitative assessment of biochemical sub strates in these animals confirmed the homogeneity of biochemical recovery (Fig. 3) . ATP in most re gions had reached levels of up to 80% of control, and the energy charge (0.82-0.87) was only slightly FIG. 3. Regional glucose content (a), ATP content (b), NADH fluorescence (c), and substrate levels in a cat brain with functional recovery following 60 min of global ischemia and 3 h of recirculation. Other details as described in legend to Fig. 1. lower than in sham-operated controls. There was a distinctly increased content of lactate (50-155 nmoll mg protein) which, however, was in most regions <50% of the peak value reached at the end of the ischemic period. A substantial amount of lactate, in consequence, must have been metabolized or washed out from the brain during the recirculation period. The content of glucose was 50% higher than in control animals. This is in line with previous in vestigations in which brain homogenates were used for the assessment of biochemical substrates during the postischemic period following complete isch emia (Folbergrova et aI., 1974) . Metabolic recovery in these animals was accom panied by a recovery of neurophysiological func tion. In all animals of this group, the pyramidal re sponse to electrical stimulation of the sensorimotor cortex returned within 15 min of recirculation, and irregular low-voltage EEG activity also recovered.
In 5 of 14 animals (two cats with and three cats without prostacyclin), regional evaluation of ATP bioluminescence revealed small, sharply demar cated foci of reduced ATP content (Fig. 4b) . These foci were located mainly in cortical structures along the sulci in the border zones between the territories of the main supplying arteries. Glucose in these re gions was not reduced but was evenly distributed throughout the brain (Fig. 4a ). NADH fluorescence revealed the following pattern ( Fig. 3c ): in regions with high ATP content, fluorescence was increased, whereas in regions with low ATP content, it was almost absent. This pattern is in contrast to that observed in control animals and in animals with ho mogeneous biochemical recovery, in which a high ATP content was associated with low NADH fluo rescence. However, it has to be considered that NADH fluorescence is quenched by an increased blood volume (Chance et aI., 1962) . For this reason, light reflection was also recorded from the same tissue block (Fig. 4d ). It appeared that reflection was slightly increased in those regions in which NADH fluorescence was low, indicating that re duced fluorescence was not due to absorption by increased hemoglobin content.
Quantitative analysis of tissue blocks sampled from areas with bright and reduced ATP biolumi nescence substantiated the regional observations (Fig. 4) . In regions with bright bioluminescence, ATP was -75% of control, whereas in foci with reduced bioluminescence both ATP and phosphocreatine had decreased to �10% of control. In such regions, the energy charge of adenylate pool was distinctly re duced, and lactate was increased up to 30-fold. Glu cose content, in contrast, was elevated in all regions examined, indicating that the disturbed energy state was not due to reduced glucose supply. It should be noted that in this group of animals, average ATP and phosphocreatine contents were distinctly lower than those in animals with homogeneous biochem ical recovery, even in regions in which bright ATP bioluminescence was recorded. This suggests that disturbances of metabolic activity affected perifocal regions as well, although less severely. This conclusion is corroborated by neurophys- FIG. 4. Regional glucose content (a), ATP content (b), NADH fluorescence (c), blood volume (d), and substrate levels in a cat brain with partial functional recovery following 60 min of global ischemia and 3 h of recirculation. Other details as described in legend to Fig. 1. iological observations. Although pyramidal re sponse returned in all animals, only in 1 of 5 cats did spontaneous EEG activity begin to reappear within the observation period of 3 h. In 3 of 14 animals (one with and two without pros tacyclin), regional analysis of energy metabolism revealed pronounced, widespread disturbances that aff ected the larger part of the brain parenchyma ( Fig.  5a-c) . ATP-induced bioluminescence was present only in small circumscribed regions, mainly in the white matter, and in one animal it was completely absent. The distribution of glucose was more wide- FIG. 5. Regional glucose content (a), ATP content (b), NADH fluorescence (c), and substrate levels in a cat brain without functional recovery following 60 min of global ischemia and 3 h of recirculation. Other details as described in legend to Fig. 1 . 1983 spread, but contrary to findings in the animals with focal disturbances of energy metabolism, large re gions were present in which glucose was completely depleted. The pattern of NADH fluorescence dif fered in all three animals: in one, homogeneous bright fluorescence was present in the whole brain; in the second, NADH fluorescence was relatively low in both hemispheres; and in the third, a mixed pattern of bright fluorescence in the left and a patchy distribution of fluorescence in the right hemisphere was seen (Fig. 5c ). The interpretation of these dif ferences was arrived at by quantitative analysis of tissue samples taken from different regions of these brains. In the brain with bright fluorescence and low glucose and ATP bioluminescence, lactate was increased to about 150-200 nmol!mg protein, i.e., a concentration expected to be reached during com plete cerebral ischemia. This brain apparently was not recirculated with blood after ischemia. In the brain with both low NADH fluorescence and re duced ATP bioluminescence, lactate was increased to >330 nmollmg protein. This brain presumably was transiently recirculated after ischemia, re sulting in further lactate accumulation due to an aerobic glycolysis. In the third brain, a nonhomo geneous pattern developed, which apparently was due to continuous (complete) ischemia in the right and partial recirculation in the left hemisphere (Fig.  5) . Recirculation of the left hemisphere was also responsible for the development of severe brain edema in this hemisphere, causing a marked shift of the midline to the opposite side. Neurophysiological recording confirmed the ab sence of postischemic recovery; in none of the an imals did the pyramidal response return, nor was there any sign of spontaneous EEG activity.
DISCUSSION
The present experimental model for the produc tion of complete cerebral ischemia of the cat brain has been extensively studied in our laboratory. One of the main advantages of this model is the possi bility of reperfusing the brain after ischemia at a highly elevated blood pressure (Hossmann et al., 1973) . This prevents the development of a no-reflow phenomenon (Ames et al., 1968) in most experi ments, even after complete ischemia of 1 h. It could be shown that in the absence of a no-reflow phe nomenon, energy-producing metabolism is restored within <15 min after 1 h of ischemia (Kleihues et al., 1974) , and that a close correlation exists be tween postischemic blood flow, oxygen consump tion, energy metabolism, and functional recovery, as assessed by recording extracellular potassium activity, evoked potentials, and spontaneous EEG activity (Hossmann et al. , 1976 (Hossmann et al. , , 1977 . There is also good evidence that absence of functional recovery is associated with primary or secondary recircula tion disturbances, and that in such instances en ergy-producing metabolism is severely disturbed (Kleihues et al. , 1975) . In this article, we concluded that blood flow and oxygen delivery to the brain are the limiting factors in preserving brain viability after prolonged ischemia.
This view has been challenged over the last years by several laboratories which reported irreversible ischemic cell damage in the absence of a no-reflow phenomenon (Marshall et al. , 1975; Duffy and Pulsinelli, 1979; Klatzo and Spatz, 1979; Pelligrino and Siesj6, 1981) or which failed to re store neurological function even though energy-rich metabolites were preserved Rehncrona et al. , 1981) .
These observations were interpreted as evidence that factors other than energy-producing metabo lism must be responsible for ischemic cell injury.
The present study corroborates our earlier as sumption that restoration of energy metabolism is, in fact, the main and primary prerequisite for the functional recovery process. However, by demon strating the regional distribution of energy metab olites, new information has been obtained that may reconcile the above-described controversy. This conclusion is based mainly on two observations: the localization of circumscribed metabolic lesions in the border zones between the territories of the major cerebral arteries, and the fact that regional deple tion of ATP may or may not be associated with a normal glucose and NADH distribution.
Border-zone lesions are well-known symptoms of a critically reduced cerebral blood perfusion pres sure (Brierley, 1975) . The pathophysiological basis of border-zone lesions is a reduced local blood per fusion pressure in the most distant branches of the cerebral arteries ("last meadows, " Schneider, 1961) ; a gradual lowering of global brain perfusion pres sure, in consequence, results in a critical reduction of blood flow initially in these regions (Ziilch, 1961) . In the present experimental situation, blood flow of the total brain was completely interrupted, and there is no reason to assume that the border zones were more severely damaged than the rest of the brain. It is, therefore, much more likely that blood flow was reduced in these regions after ischemia. There are, in fact, two phases during which such a reduc tion may occur: shortly after the onset of recircu lation brain edema develops, which may cause se vere intracranial hypertension with peak pressure values of >90 mm Hg (Zimmermann et al. , 1975) ; 1 h later, after edema and reactive hyperemia have disappeared, cerebrovascular tone sharply in creases (Hossmann et aI., 1973) . During both phases, (normal) blood pressure may be too low to maintain an adequate brain perfusion, and ischemic lesions can be expected to develop first in the border zones.
The other important finding of the present inves tigation is the observation that two basically dif ferent types of regional metabolic lesion may be present after a few hours of recirculation. In both types, ATP was depleted. In some regions this was associated with depletion of glucose and high NADH fluorescence, and in others it was associated with high glucose content and low NADH fluorescence. The first type is characteristic for a situation of per manent complete ischemia: tissue stores of primary and secondary energy reserves are used up, and NAD is reduced (Chance et aI., 1962; Lowry et aI. , 1964) . The second type indicates a persisting met abolic lesion in the presence of glucose and oxygen supply. The fact that such lesions were mainly lo cated in the border zones suggests that these re gions suffered ischemic damage sometime during the recirculation period, as discussed above, but were perfused with blood when the brains were in vestigated 3 h after ischemia. Finally, a few regions were observed in which both ATP and tissue fluo rescence were high. This combination is difficult to explain, and may be an artefact, because increased tissue fluorescence must not necessarily originate from high NADH content (Welsh et aI., 1982) .
The different metabolic patterns observed in the present study can thus be explained as follows. In animals with sufficient blood recirculation during the critical phases of increased intracranial pressure and increased cerebrovascular resistance, energy metabolism recovers homogeneously throughout the brain, and physiological function, including EEG activity, returns. In animals with insufficient blood perfusion during these phases, the primary ischemic impact is complicated by secondary metabolic dis turbances. In the border zones in which flow re duction was most pronounced, this led to uncou pling of oxidative phosphorylation and/or suppres sion of NADH production (Welsh et aI. , 1982) . In the rest of the brain the metabolic disturbance is less severe, but energy state was distinctly lower than in animals with adequate blood reperfusion. It appears that this degree of metabolic recovery ap parently was sufficient for the generation of evoked potentials but not for spontaneous EEG activity. The third group of animals includes those cases in which blood flow after ischemia was very low or even stopped, either primarily as a consequence of a no reflow phenomenon, or secondarily because of fatal brain edema, intravascular coagulation, or post-J Cereb Blood Flow Metabol, Vol. 3, No.3, 1983 ischemic hypotension (Hossmann, 1977) . In such animals, all metabolic activity breaks down and functional recovery is absent.
The concept of postischemic circulatory distur bances in the development of permanent ischemic brain lesions may explain some of the previous in congruities concerning postischemic brain resusci tation. The type of lesion seen in the border zones, i.e., severe disturbances of the energy-producing metabolism induced by uncoupling of oxidative phosphorylation and/or inhibition of NAD reduc tion, would be consistent with those observations of irreversible cell damage despite maintained blood flow. With a lesser degree of flow reduction, partial uncoupling of oxidative phosphorylation may occur, possibly as a consequence of the cascade of events that has been discussed recently by Siesj6 (1981), which includes free radical damage of membrane and mitochondrial sequestration of calcium. Under such conditions, substantial quantities of energy rich phosphates may still be present and may evoke the impression of an inverse relationship between metabolic activity and functional suppression.
Finally, if blood flow is adequate to cover the oxygen and substrate demands of the brain during the whole length of postischemic recirculation, as in the first group of animals of this study, neuro physiological functions including EEG activity re cover spontaneously without any additional thera peutic intervention.
The present study, therefore, substantiates our previous conclusion that flow promotion after isch emia is the most direct and most efficient way to restore functional activity after prolonged ischemia. As we have demonstrated in more detail elsewhere (van den Kerckhoff et aI., 1983) , prostacyclin at a dose of 1.8 f.Lg/kg/min given 2 h after the onset of recirculation is not helpful to achieve this purpose. Other approaches, therefore, have to be tested for preventing or alleviating postischemic recirculation disturbances.
